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Projection of intra-urban modification of night-time climate
indices during the 21 century

No6ra SKARBIT and Tamas GAL!

Abstract

The present paper evaluates the alteration of certain night-time climate indices namely warm nights (T, >17 °C)
and tropical nights (T, >20 °C) during the 21* century in the city of Szeged. This examination was performed
within the framework of a project founded by International Visegrad Fund, where the change of more climate
indices were examined in several Central European cities. In this study the MUKLIMO_3 microclimatic model
was used, which ensured the modelling of the local scale processes in the examined area. In the model for the
land use we applied the Local Climate Zone (LCZ) system. In order to analyze longer periods the cuboid method
was applied, which is a dynamical-statistical downscaling technique. We calculated the indices for 1981-2010
based on measurements and for 2021-2050 and 2071-2100 from the EURO-CORDEX datasets. In this study we
present the results of Representative Concentration Pathways (RCP) scenarios namely RCP 4.5 and RCP 8.5.
Our results show that highest values appear in the city centre and the number of the days clearly increases in
the 21% century especially according to scenario RCP 8.5. The values depend on the built-up types and there
are more days towards to the densely built-up LCZs. Moreover, considering the relative changes of the zones,

larger values appear in sparsely built-up zones and natural surfaces.
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Introduction

By the end of the 21 century the global mean
temperature increase likely exceeds 1.5 °C
compare to period 1850-1900 (Stocker, T.F.
et al. 2013). Global climate change affects the
environment at regional and local scale as
well. Beside the global problems caused by
this phenomenon the regional or local con-
sequences are neither negligible. The rate of
the urban population continuously increases
thus more and more people live in urbanized
area. Nowadays, half of the human popu-
lation is affected by the unfavourable con-
ditions of the city life. The most important
climate impacts are air pollution, increased
heat load and thermal stress in cities.

In case of summer heat waves, the increased
nocturnal temperature might be very stress-

ful, because of the lack of night-time recrea-
tion is harmful for the human well-being and
health. It raises the question: what awaits us
in the future if it is already a huge problem.
Furthermore, it is also an important question
how the temperature change varies accord-
ing to the different built-up types. The crucial
question is how possible to mitigate climate
change at local scale using urban planning ac-
tions and which built-up types are preferable?
Using the Local Climate Zone (LCZ) system
developed by Stewart, I.D. and Oxg, T.R.
(2012) it is possible to carry out appropriate as-
sessments and modelling. Furthermore, the re-
sults may be simple enough to apply or adapt
globally in the frame of urban planning.

This study is a part of an international
cooperation concentrating on five Central
European cities aiming to predict the change
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Fig. 1. Study area and the Local Climate Zones in Szeged

of several climate indices in this century
(Boxva, A. et al. 2015). In case of urban areas,
the nocturnal thermal features are the most
important therefore we present those indices
which characterize the night-time conditions.
The indices using daily minimal temperature
are appropriate to describe the nocturnal ur-
ban-rural thermal differences, thus we ex-
amined the average number of warm nights
(T,,, 217 °C) and tropical nights (T, . >20 °C)
(FROH, B. et al. 2011b).

The aim of this study is to present the
change of the number of warm and tropical
nights during the 21* century. The spatial

pattern of these climate indices was evalu-
ated in the examined area in 1981-2010 as
a reference period and the future deviation
from this period. This evaluation is extended
by the average values for each Local Climate
Zone. Furthermore, inter-zone comparisons
were carried out based on relative changes
from the reference period.

Study area

Szeged is located in the Carpathian Basin in
Central Europe (Figure 1). It is a medium-
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sized city in the south-eastern part of Hun-
gary. According to Képpen climate classifi-
cation system the climate of Szeged is mod-
erately warm with rather uniform annual
distribution of precipitation (Cfb) (KorTEK,
M. et al. 2006). The population of the city is
approximately 170,000. The average altitude
is 80 m and the city is located on a nearly flat
terrain. The urbanized area covers approxi-
mately 40 km? of the city. River Tisza divides
the city into two parts and the road network
has a regular avenue-boulevard structure.
The structure of the city has few character-
istic districts: a densely built centre, blocks
of flats in the northern part, family houses
in the outskirts and warehouses mostly in
western part (UNGER, J. et al. 2001).

Applied data and methods
Local climate zones

In the modelling process we applied the Lo-
cal Climate Zone (LCZ) classification (STEw-
ART, I.D. and Okg, T.R. 2012) as the basis of
land use/land cover data. Originally it was
designed for the classification of urban meas-
urement sites, but several different applica-
tions are possible. One of the most important
opportunities is to use this system as an input
data for urban climate modelling to represent
better the urban landforms. The application
of this system is advantageous because the
classification is based on the thermal charac-
teristics of the urban and rural surfaces. Fur-
thermore, it can be connected to the urban
heat island phenomenon, which is the most
important modification in the urban areas.
Nowadays several LCZ mapping methods
are known (Lerovics, E. ef al. 2014; BEcHTEL,
B. et al. 2015; LEuNERT, M. et al. 2015).

In this study, we used Bechtel-method, which
is a simple method for LCZ mapping. This
method applies free-access satellite imagines
and open-source software. For this method two
software programs are necessary (Google Earth
and SAGA-GIS) and it applies Landsat satel-
lite images as input (BEcHTEL, B. ef al. 2015).

Figure 1 presents the obtained LCZs for Szeged.
It can be seen that four LCZ classes are absent
in Szeged: LCZ 1 (compact high-rise), LCZ 4
(open high-rise), LCZ 7 (lightweight low-rise)
and LCZ 10 (heavy industry). Compact mid-
rise (LCZ 2) and compact low-rise (LCZ 3) are
located in the centre of the city. Open midrise
(LCZ 5) is located near to the city centre in the
North and in the South. The most common
classes are open low-rise (LCZ 6) and sparsely
built (LCZ 9). The north-western part of the
city includes large low-rise (LCZ 8). The domi-
nant land cover types around the city are bare
soil and low plants. These areas temporarily
change within a year because of their agricul-
tural use thus these two LCZ categories were
merged. Since multiple satellite images of dif-
ferent dates were used to classify the different
LCZs, the merging of the two zones simplifies
the classification.

MUKLIMO_3

In this study the microclimatic model MUK-
LIMO_3 was used (Sievers, U. 1995). It was
developed by the German and Austrian
weather services (DWD and ZAMG). The
model is non-hydrostatic and the precipita-
tion is not implemented. The horizontal reso-
lution is 100 m, while the vertical one alters
from 10 to 100 m. The vertical grid distance
is lower so the resolution is larger towards
the surface. Several parameters are necessary
for the description of buildings, for instance
building density, wall area for a given vol-
ume and mean building height (FrUs, B. et al.
2011a). The initial conditions are ensured by
a 1D profile from a reference station.

The interactions between the atmosphere
and the vegetation are simulated by a 3-layer
model and between the soil and the atmos-
phere by a 15-layer model. The land use cat-
egories distinguished by MUKLIMO_3 are
buildings, trees, open country and water. The
outputs of the model are the spatial patterns
of air temperature, humidity, wind speed and
direction for every hour in a 24-hour period
(for details see Sievers, U. 2012).
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Cuboid method

In order to calculate the mentioned climate
indices the so-called cuboid method was used
(FrUH, B. et al. 2011a). This is a dynamical-
statistical downscaling technique, which pro-
vides the spatial pattern of the climate indices
for a 30-year period. The benefit of this meth-
od is the reduction of the computations us-
ing a tri-linear interpolation scheme. Figure 2
shows the concept of the cuboid. The method
assumes that the urban heat load can occur in
a specific combination of meteorological pa-
rameters and it can be characterized by three
of them: temperature (t), relative humidity
(rh) and wind speed (ws). These parameters
represent the dimensions of the cuboid, while
the limit of favourable situations represents
the corners of the cuboid. With the MUK-
LIMO_3 model we simulated these corners
for two prevailing wind direction: Northeast
and Northwest. In addition to these simula-
tions, a 30 year daily data series is needed,
which was measured near the study area or
obtained from a climate model.

Meteorological data
As reference station the observatory of Hun-

garian Meteorological Service (Figure 1) was
used. This station ensured the initial condi-
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Fig. 2. The concept of the cuboid method (for details
see ZUVELA-ALOISE, M. et al. 2014)

tions for the modelling and the 30 year daily
dataset for the reference period (1981-2010) in
the cuboid method. Air temperature, humidity,
wind speed and direction data were utilized.

EURO-CORDEX simulations

We analyzed the 21% century through two
periods: 2021-2050 and 2071-2100. For these
periods we used temperature, humidity, wind
speed and direction datasets from EURO-
CORDEX model simulations (Jacos, D. et al.
2014). The resolution of the simulations is 0.11°
(approximately 12 km) and they use the latest
Representative Concentration Pathways (RCP)
scenarios. These scenarios express the change
in radiative forcing and are not directly based
on socioeconomic factors. 15 simulations (5
global climate models and 3 regional climate
models) were used where the necessary cli-
mate data for the cuboid method (tempera-
ture, relative humidity, wind speed and direc-
tion) was available. Among them there are one
simulation for RCP 2.6 and seven simulations
for RCP 4.5 and RCP 8.5. The simulations for
the last two scenarios were averaged. In order
to show the outcomes of more model simula-
tions, we present the averaged results of sce-
narios RCP 4.5 and RCP 8.5.

Results
Warm nights

Thirty year averaged number of warm nights
in period of 1981-2010 range from 1 day to 73
days in the entire model domain (Figure 3).
In the central part of the city, in a relatively
smaller area, the number of days is over 60,
but generally it exceeds 40 days in the whole
city centre and it is over 20 days in other ur-
ban parts. In the downtown (where compact
mid- and low-rise zones are located) most
of the values are between 42 and 57 days
(Figure 3). In the surrounding areas (mostly
open mid- and low-rise categories) the number
of warm nights is between 12 and 40 days. In
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Fig. 3. Average number of warm nights (T, > 17 °C) in period of 1981-2010. Grey lines = border of built-up
areas; blue lines = border of water surfaces

western part of the city where the large low-
rise class is typical, the values are about 13 to
23 days. In the perimeter of the city where the
typical category is sparsely built, the values
are between 12-21 days. In non-urban areas
the value of warm nights is below 15 days ex-
cept at larger water surfaces.

The 30-year mean number of warm nights
based on RCP 4.5 and RCP 8.5 scenarios for
period 2021-2050 is presented on Figure 4. In
this period there is no significant difference
between the two examined scenarios and the
deviation from period 1981-2010 is minimal
in both cases. Consequently, their features
can be described together. In this period the
values range from 1 to 80 days in the whole
examined area. The most conspicuous change
is the outspread of the area with values over
20 days. This tendency can be observed along
the border of the city in northeast and south-
west. Around the city centre all of the isolines

spread towards the suburbs especially in case
of the 40 days, but is notable in case of the 60
days also.

Considering the LCZs, in the areas of the
compact zones in the inner city, the average
number of warm nights is between 46 and
65 days. The mean values for the open zones
which appear in more different parts of the
city are about 14-39 days. In the sparsely built
and large low-rise zones, which are more
typical in the outskirts, the average number
of warm nights is approximately between
14 and 28 days, but near to the city centre
values over 40 days appear also. Most of the
natural surfaces have less than 20 days in this
period, but especially near the Western city
border and in the water surfaces the number
of warm nights is over 20 days.

For the period 2071-2100, significant
changes are taking place, especially in case
of RCP 8.5 compared to the reference period
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(Figure 5, A). In the entire mod-
el domain, the minimum value
for RCP 4.5 is 2 days and the
maximum is 88 days, while in
case of RCP 8.5 the values range
from 12 to 111 days. In case of
RCP 4.5, aside from the north-
northeast region, the number
of warm days is over 20 days
in the examined area. It can be
noted that the area of days over
40 around the city extends sig-
nificantly. Moreover, spatial ex-
tent of the number of days over
60 stretches from the city centre
towards the external areas.

In the inner-city values over 80
days become typical. In the com-
pact zones the number of warm
nights is between 60 and 80 days.
In case of the open zones, there
is larger difference between mid-
rise and low-rise areas, while in
the first case the values are ap-
proximately 50 to 77 days, in
low-rise these numbers are 30 to
60 days. In the large low-rise and
sparsely built zones the values
are between 20 and 60 days can
be found. In the natural and wa-
ter surfaces, the number of warm
nights is 20-30.

In case of RCP 8.5, the num-
ber of warm nights has a simi-
lar spatial distribution, but the
values are higher by approxi-
mately 20 days (Figure 5, B).
Almost in the entire study area
the number of warm days is
over 40 days, and values over
60 days appear in rural areas as
well. Significant changes take
place in the city centre which
is surrounded by the isoline
of 60 days. In the inner areas,
values over 80 days are typi-
cal, while in the city centre the
number of warm nights exceeds
100 days in a substantial area.
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Considering the local climate
zones the typical values for the
compact zones are between 80
and 110 days. In the open mid-
rise zone the number of warm
days is also high, approximately
75-95 days, while in open low-
rise this is 52-80 days. In the
outskirts (large low-rise and
sparsely built) the values are
between 50 and 90 days. The
natural surfaces also have large
values, of 43 to 58 days.

Evaluation of the average
number of warm nights as well as
the absolute and relative change
from 1981-2010 compared to
each examined future periods
and scenarios in the typical LCZ
areas helps to analyse how the
LCZ classes are exposed to the
climate change (Table 1). In pe-
riod 2021-2050 the greatest rela-
tive change appears in sparsely
built zone at both scenarios. It
is followed by the open zones
and the large low-rise zone. In
case of RCP4.5 the changes in
compact midrise and low-rise
is marginal while in case of the
natural surfaces there is no av-
erage change at all. The order is
the opposite in case of RCP 8.5,
where the change is the smallest
in compact midrise and low-rise
zones. In the natural surfaces this
number is almost the same.

In period of 2071-2100 the
greatest change also appears in
sparsely built areas in case of
both scenarios (Table 1). The nat-
ural surfaces follow this zone as
the second most changed areas.
This zone is followed by open
midrise, low-rise and large low-
rise, where open low-rise has the
largest value. The smallest rela-
tive changes appear in compact
midrise and low-rise.
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Table 1. Number of warm nights and their absolute and relative change compared to the measured values in
1981-2010 in LCZ areas of Szeged at different time periods and RCPs
Time Compact- | Compact Open Open Large | Sparsely- | Natural
. RCPs i . A . . .
period midrise | low-rise | midrise | low-rise | low-rise built surfaces
1981-2010 | Measured 71 67 41 37 42 12 18
75 72 47 42 47 15 18
RCP 4.5 4 5 6 5 5 3 0
6 7 15 14 12 25 0
2021-2050
78 74 49 44 49 17 20
RCP 8.5 7 7 8 7 7 5 2
10 10 20 19 17 42 11
86 82 58 53 58 22 26
RCP 4.5 15 15 17 16 16 10 8
21 22 41 43 38 83 44
2071-2100
110 107 85 81 85 49 51
RCP 8.5 39 40 44 44 43 37 33
55 60 107 119 102 308 183
Tropical nights ues do not exceed 5 days except in the densely

High numbers of tropical nights (T = >20°C)
are relatively uncommon in this climate and
the model calculations also confirmed this in
case of 1981-2010 (Figure 6). The values range
from 0 to 12 days. It can be noted that the val-

built areas. However, the number of tropical
nights exceeds 10 days in the inner city core.

Considering the number of tropical nights
through the different LCZs, there are no
significant difference between the zones.
Most of the values range from 4 to 11 days

days

Fig. 6. Average number of tropical nights (T, , >20 °C) in period of 1981-2010. Grey lines = border of built-up
areas; blue lines = border of water surfaces
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in compact midrise and from
6 to 11 days in compact low-
rise. In the open midrise zone
the number of tropical nights
exceeds 5 days in the inner
city. In case of large low-rise
and sparsely built, most of the
values range from 0 to 3 days,
while in case of open midrise
from 0 to 5 days. In the natural
and water surfaces, the major-
ity of the values is around 0.
The change from period of
1981-2010 is not significant
in case of both scenarios and
the difference between them is
minimal (Figure 7). The mini-
mum value is 0 day for each
scenarios, the maximums are
approximately 16-17 days. In
both cases, the areas with over
5 days increase in the city cen-
tre and in addition they appear
scattered in other regions. In
case of RCP 8.5, the mentioned
change is more spectacular and
the number of the affected re-
gions is larger. The isoline of 10
days spreads also, especially
into north-western and north-
eastern direction. The other im-
portant change is the appear-
ance of values over 15 days in
the city centre. It is minimal in
case of RCP 4.5, but in case of
RCP 8.5, the area with values
over 15 days covers a signifi-
cant part of the inner city.
Considering the LCZs
slightly greater change can be
observed in case of compact
midrise and compact low-rise.
Most of the values range from
5 to 14-16 days depending on
the scenarios in compact mid-
rise. For compact low-rise, the
average number of tropical
nights varies from 10 to 13-14
days. In case of open midrise
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and low-rise, the change is
minimal. The change is not no-
ticeable in large low-rise and
sparsely built, and neither in
the natural and water covered
surfaces.

At the end of the century
(2071-2100) the difference be-
tween the two scenarios is re-
markable (Figure 8). The mini-
mal value for RCP 4.5 is 0 day,
the maximum is 23 days, while
these numbers for RCP 8.5 are 1
day and 47 days. While in case
of scenario RCP 4.5, the change
from period 2021-2050 is mini-
mal, in RCP 8.5, the changes are
enormous and spectacular. Based
on the first scenario (Figure 8, A)
the area with values over 5 days
continues to grow and stretches
to the East side of the Tisza and
north-western direction from the
city centre. In the centre the are-
as with values more than 10 and
15 days also increase. Another
change is that values over 20
days appear in the city.

Considering the LCZs in case
of RCP 4.5, the change com-
pared to the reference period is
the largest in the compact zones.
In these zones most of the val-
ues range from 16 to 21 days.
In the other zones the change is
less remarkable; generally, the
increase is below 2 days. In the
natural and water surfaces the
average change is only 1 day
from the reference period like
in period 2021-2050.

The results of scenario RCP
8.5 give a very different picture
(Figure 8, B). The number of
tropical nights is over 5 days.
On the East side of the Tisza val-
ues over 10 days are typical and
in a larger area the number of
tropical nights is over 20 days.
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The urban areas are outlined by the isoline
of 15 days. In the densely built up areas the
number of tropical nights is over 30 days and
in the city centre it exceeds 40 days.

The average values for compact zones are
between 35 and 45 days. In case of open mid-
rise, most of the values are between 20 and 30
days. In open low-rise the values vary from
10 to 30 days. In case of large low-rise and
sparsely built the typical number of tropical
nights ranges from 10 to 30 days and from 10
to 25 days, respectively. In areas of natural
surfaces the change is 7-8 days on average
compared to the reference period.

Tnble 2 presents the average number of
tropical nights in every LCZ type and their
absolute and relative change compared to
1981-2010 in the examined periods based on
the two applied scenarios. It should be noted
that since the number of tropical nights in
LCZ 9 is 0 day in the reference period thus
the relative change in the future periods
cannot be calculated. In period 2021-2050
the relative changes are the highest in open
mid-rise. In case of RCP 4.5 the second large
change appears in open low-rise. The values
of compact low-rise and large low-rise are
almost the same. Compact midrise follows
these zones. In the natural surfaces, there is
no change compared to period 1981-2010. In
case of RCP 8.5 large low-rise is the second
largest changed zone. This zone is followed

by open low-rise and midrise. Similar to RCP
4.5 compact midrise is the least changed
among the build-up zones.

The most noticeable changes also appear
in open midrise in the period 2071-2100 in
both scenarios. In case of RCP 4.5, it is fol-
lowed by open low-rise again. The differ-
ence is similar in large low-rise. In compact
midrise and low-rise, this value is slightly
smaller. According to this scenario, the rela-
tive change in the natural surfaces is still
zero percent. In case of RCP 8.5 the second
largest change is in open low-rise. However,
the relative change in the natural surfaces
becomes also high and exceeds the value of
large low-rise. The least changed zones are
compact midrise and low-rise.

Conclusions

This study presented the changes in the
number of warm and tropical nights during
the 21 century compared to period of 1981-
2010 in Szeged. We examined the spatial dis-
tribution of these indices and the number of
days and their change through the different
local climate zones. Furthermore, the dif-
ference between the relative changes of the
zones was also investigated.

Our results show the substantial increas-
ing tendency for both indices. The spatial

Table 2. Number of tropical nights and their absolute and relative change compared to the measured values in 1981—
2010 in LCZ areas of Szeged at different time periods and RCPs

Time RCPs Compact | Compact |  Open Open Large Sparsely | Natural
period midrise | low-rise | midrise | low-rise | low-rise built surfaces
1981-2010 | Measured 12 10 2 2 3 0 1
14 13 4 3 4 0 1
RCP 4.5 2 3 2 1 1 0 0
17 30 100 50 33 - 0
2021-2050
16 14 5 3 5 0 1
RCP 8.5 4 4 3 1 2 0 0
33 40 150 50 67 - 0
21 19 8 6 8 1 1
RCP 4.5 9 9 6 4 5 1 0
75 90 300 200 167 - 0
2071-2100
45 42 25 21 26 9
RCP 8.5 33 32 23 19 23 - 8
275 320 1150 950 767 800
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pattern shows that most of the days appear
in the city centre stretched to the Northwest
direction and values decrease towards to the
natural surfaces. In period of 2021-2050, the
change compare to the reference period and
the difference between the two scenarios is
not significant. In contrary, for the end of the
century the increase is more significant and
the two scenarios predict completely differ-
ent spatial patterns.

The results also show that high values ap-
pear at compact LCZs in case of both indi-
ces. It is also noticeable that the increase of
the number of days is higher in the less built
LCZs, however the differences between LCZs
do not change significantly. In case of warm
nights, the largest relative change appears in
sparsely built zone, followed by the natural
surfaces and open zones while the smallest
values are in the compact zones. For tropical
nights the order is slightly different because
the most changing zone is open midrise.

This study intended to highlight the in-
teraction between urban climate effects and
global climate change. The results clearly
prove that global or regional scale climate
predictions without urban climate interac-
tions do not have enough information for ur-
ban planners or local authorities. In addition,
the results can be used as a good example for
the demonstration of the expected changes
of the climate of 21™ century. Using these re-
sults the presentation of climate change in
urban scale to wider audience is easier. The
increasing number of tropical nights can be
used to express the change of unfavourable
and stressful conditions until the end of the
century. The number of tropical nights will
be almost the same in rural areas at the end
of the century as today in the city centre.
Furthermore, in the most urbanized areas
one month of this extreme heat stress may
become a natural part of every summer. This
is a crucial problem because if the minimum
temperature exceeds 20 °C then a significant
increase of the relative number of deaths can
be observed.

Hopefully, these results help to draw atten-
tion of urban planners and local governments

or local decision makers for this problem and
based on the model results for different LCZs
it may be helpful to find the optimal built-
up characteristics for urban areas in order to
mitigate the effect of climate change.
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